Background: The aim of the study was to assess clinical and socio-demographic characteristics as well as prior drug usage as risk factors for Helicobacter pylori (H. pylori) infection in Nigeria. Methods: A total of 347 respondents were surveyed by assessing their clinical and socio-demographic characteristics in comparison with the non-invasive gold standard for H. pylori diagnosis, the urea breath test (UBT). Chi-square test and odds ratio analyses were conducted in order to assess if variables such as socio-demographic factors, drug intake, and history of ulcer/gastritis/ gastric cancer within the family significantly predicted test results. Results: A total of 130 (37.5%) respondents were positive for H. pylori by the UBT. Living with more than three people in an apartment and a history of ulcer/gastritis within the family were significantly associated with H. pylori (p ≤0.05), as well as current antibiotic intake (p ≤0.05). Nationality, stay outside Nigeria, level of education, main occupation, smoking and drinking habits, sources of drinking water, number of children and history of gastric cancer had no significant association with H. pylori infection (p ≥ 0.05).
Introduction
Helicobacter pylori (H. pylori) is a Gram-negative, microaerophilic, highly motile fastidious bacterium which resides in the human gastric mucus layer. H. pylori is the causative agent of gastritis, peptic ulcer disease, mucosa associated lymphoid tissue (MALT) lymphoma and is a risk factor in the development of gastric cancer (Warren and Marshall, 1983) .
In 1994, the International Agency for Research in Cancer (IARC) and arm of WHO identified H. pylori as a class I carcinogen (IARC, 1994) . World-wide gastric cancer has been reported to be the fifth most common cancer and third leading causes of cancer related deaths (Torre et al., 2015) .
H. pylori colonizes 50% of the world's population (Mitchell et al., 1992) and its prevalence in the human population ranges from 20% in developed , Isaac Adeleye 2 , Ute Harrison 3 countries to as high as 80% in the developing countries (Frenck and Clemens, 2003) . The high prevalence of H. pylori in developing countries as compared to developed countries is a result of increased risk of the infection in the former. Factors that predispose individuals to increased risk of H. pylori infection have been reported to include precarious hygiene standards, cultural background, dietary, deficient sanitation as well as crowded households (Ahmed et al., 2007) .
Other risk factors include interaction with potentially contaminated environmental sources such as local drinking water, ingestion of faecal-contaminated vegetables and swimming in rivers (Ahmed et al., 2007) . In Nigeria, all of these conditions abound with prevalence rates as high as 80% (Smith et al., 2001) . H. pylori produces several virulence factors including cytotoxin associated gene (cagA) and vacuolating cytotoxin A (vacA), both of these are associated with marked increase in the risk of disease development (Kusters et al., 2006) .
In Nigeria, several reports have shown that irrespective of the disease outcome most strains produce CagA and VacA and reports have also shown that these virulence factors have also had their proteins expressed in a majority of cases irrespective of the disease outcome (Smith et al., 2002; Harrison et al., 2017; Seriki et al., 2017) .
The triple therapy (combination of PPI with clarithromycin and amoxicillin or metronidazole) has been recommended for the first line treatment of H. pylori or a bismuth quadruple-based therapy for the treatment of H. pylori in areas of high (>15%) clarithromycin resistance (Malfertheiner et al., 2016) .
In Nigeria, antibiotic resistance rates can get as high as 100%, which is a major reason for treatment failure (Smith et al., 2001; Aboderin et al., 2007; Harrison et al., 2017) . In addition there are no standard treatments for H. pylori in Nigeria which adds to the burden of disease in the country.
To better understand the risk factors of H. pylori infection in Nigeria, the study was aimed to assess the clinical, socio-demographic characteristics, history of ulcer/gastritis/gastric cancer as well as prior drug usage as a risk factor for H. pylori infection amongst dyspeptic patients in Nigeria.
Materials and Methods

Study design
The study participants consisted of 347 adults that visited six tertiary hospitals in Nigeria with various dyspeptic cases with symptoms like upper abdominal pain, bloating, nausea or early satiety. All the study participants underwent upper endoscopy to enable appropriate disease diagnosis. Ethical approval for this study under a bigger study; was obtained by the Institutional Review Board of the Nigerian Institute of Medical Research (reg no IORG0002656) a s w e l l a s L u d w i g -M a x i m i l i a n s -U n i v e r s i t y Munich (reg no 335-08). Informed consent was obtained from all study participants.
A total of 347 study participants were randomly selected for this study. Individuals were questioned concerning their socio-demographic characteristics such as stay outside the country for more than one month during the last five years, the highest education obtained, their habits, main occupation and sources of drinking water.
Other areas include drugs currently being taken, while a history of gastric cancer, ulcer or gastritis within the family was asked. This information was contained in a questionnaire.
A disease prevalence was determined based on test results from Urea breath test (UBT) method which is the gold standard for the non-invasive diagnosis of H. pylori.
Detection of H. pylori using the UBT test
H. pylori status was determined by the UBT, the gold standard for the non-invasive diagnosis of H. pylori. The UBT test conducted in this study was performed according to the method provided by Harrison et al., (2017) .
Data analysis
Data analysis by Chi-square test and odds ratio were carried out to assess the relationship and measure the strength of association between related factors and outcome of diagnosis of H. pylori. Univariate analysis was carried out using frequencies to determine the number of subjects tested at the different groups of variable of interest. Also, bivariate analysis was conducted using Chi-Square test and Odds ratio with 95% Confidence Interval to assess relationship between two variables (associated risk factor and outcome of diagnosis of H. pylori) as well as measure the strength of association between the two variables tested. Statistical significance was set at p-value ≤ 0.05.
Results
A total of 347 samples were analysed for the diagnosis of H. pylori. Out of these, 37.5% were positive for H. pylori according to the UBT. 151 (43.5%) males and 196 (56.5%) females took part in this study, with 38.4% and 36.7% positivity for H. pylori respectively. However, there was no statistical difference in H. pylori prevalence with respect to gender ( Table 1 ). The median age of the study participants was 46 years. The age group with the highest prevalence (43%) of H. pylori was the 31 -40 years. The majority of the subjects (208; 59.9%) had post-secondary education, while the remaining 139 (40.1%) had at most a secondary education or no formal education. The prevalence of H. pylori according to occupation amongst study participants was analysed. Those who worked with animals accounted for 50% prevalence followed by other occupation (38.7%), although there was no statistical significance in terms of occupation and H. pylori prevalence. The socio-demographic characteristics of the study participants are presented in the Table 1 .
Prevalence of H. pylori was significantly lower among study participants who stayed outside the country for more than one month during the last 5 years (16.7%) compared to those who did not stay outside the country (39.4%) during the same period. Odds ratio (0.31) with 95% CI (0.115, 0.824) and p-value (0.014).
People who drank unprotected surface water were more likely to get infected with H. pylori compared to those who drank pipe borne/borehole water. However, this was not statistically significant.
Study participants who grew up with three people in one apartment/house showed a significantly higher prevalence (71.4%) compared to less than 34% prevalence among those who grew up with one or two persons (Fisher's exact test, p-value = 0.036; Table 2 ).
Study participants who had a parent (either mother or father) and siblings with a history of ulcer/gastritis had a 3.58 times higher risk of developing H. pylori infection compared to those whose children did not have a history of ulcer/gastritis, 95% CI (1.31, 9.78) (p-value =0.009; Table 3) .
Those who were currently on Omeprazole medication were 6.11 times less likely to develop H. pylori infection than those who were currently not taking Omeprazole, 95% CI (0.39, 0.95), (p-value = 0.029). Also, those who were currently taking antibiotics were five times likely to develop H. pylori infection than those who were currently not taking antibiotics drugs 95% CI (0.29, 0.86) (p-value = 0.011, Table 4) .
Similarly, those who were currently taking hypertension/ diabetics drugs were 5.6 times less likely to develop H. pylori infection than those who were currently not taking hypertension/diabetics drugs, 95% CI (0.32, 0.99), (p-value = 0.046).
However, occupation, smoking/drinking habits, drugs taken regularly and so on, had no statistical significance on the prevalence of H. pylori infection using the UBT method.
Discussion
The prevalence of H. pylori in this study was 37.5% which is similar to a previous study in the same region by Harrison et al., (2017) . Higher prevalence levels of 69% have also been reported in other African countries (Asrat et al., 2004; Tanih et al., 2011; Archampong et al., 2015) . Environmental factors as well as socio-economic/cultural practices of the study participants could have accounted for this. However, different detection methods were used in the reported studies.
Several reports abound concerning the prevalence of H. pylori with respect to the age of participants. Majority of studies reported statistical significance with increasing prevalence of H. pylori with age (Ahmed et al., 2007; Alizadeh et al., 2009; Tanih et al., 2010; Ameri and Alkadasi 2013; Abebaw et al., 2014) while others reported increased prevalence with age but without any statistical difference (Dorji et al., 2013; Zhang et al., 2013) . In present study the age group with the highest H. pylori prevalence was the 31 -40 but there was no statistical significance. Increasing age did not affect H. pylori prevalence, in fact it was observed that those who were 51 and above were the third highest. Studies have also shown that people who are >60 years in the developing countries were more prone to severe disease conditions such as gastric cancer, peptic ulcer disease with significantly higher mortality (Pilotto et al., 2000; Pilotto and Salles, 2002; Pilotto and Franceschi, 2014) , most likely as a result of lower socio-economic status, poor hygiene, crowding and lack of safe water while their counterparts in the developed countries are likely due to birth cohort effect of an earlier generation exposed to poor sanitation (Abebaw et al., 2014 ; Pilotto and Franceschi, 2014). In present study most of the study participants showed a normal stomach flora with very few cases of ulcer and no case of gastric cancer which could account for the reduced prevalence of H. pylori in the higher age groups. In present study, the prevalence of H. pylori was slightly higher in males than females (38.4% vs 36.7%) which was not statistically significant. Several studies have supported our findings of similar prevalence of H. pylori in males and females (Tanih et al., 2011; Dorji et al., 2013) , while Abebaw et al., (2014) reported a slightly higher prevalence in females than males with Valliani et al., (2013) reporting a higher prevalence in males than females. Risk factors such as smoking and alcohol consumption had been attributed to the higher prevalence of H. pylori in males than females (Chen et al., 2000) .
Socio-economic status has been reported to be a reliable marker to reflect the level of household hygiene as possible risk factors for H. pylori transmission (Ahmed et al., 2007) . In our study, those with no formal education were found to have the highest prevalence of H. pylori (58.3%) although this was not statistically significant. The result of our study was corroborated with earlier studies by Torres et al., (1998) and Ahmed et al., (2007) but in contrast to that of Abebaw et al., (2014) .
Large family size has been accepted as a risk factor in H. pylori transmission (McCallion et al., 1996; Herbath et al., 2010) . In our study, participants who grew up with more than three people in one apartment had a significantly higher prevalence (71.4%) of H. pylori compared to those less than three (34%). Our result was corroborated by Ahmed et al., (2007) ; Dorji et al., (2013) , but contrasted with Abebaw et al., (2014) .
Residing in a developing country has been associated as one of the risk factors of H. pylori infection (Salih, 2009) , our study supported the findings of Salih (2009) as there was a significant difference amongst the participants who stayed outside the country (16.7%) for more than one month in the last five years compared to those that stayed in the country (37.5%).
Smoking and alcohol consumption have been reported as risk factors for H. pylori infection (Ogihara et al., 2000) . However our study showed that both parameters were not statistically significant although there was a slightly higher prevalence with alcohol consumption. Our result is in consonance with Ogihara et al., (2000) ; Mukhopadh (2007) and in contrast to those of Abebaw et al., (2014) and Shamseya et al., (2015) .
Likewise from our study, sources of drinking water had no significant association with H. pylori infection although drinking water from unprotected surface waters had a higher H. pylori prevalence than piped water (45.5% vs 35.56%). Other studies (Ahmed et al., 2007; Abebaw et al., 2014) corroborated our study but strongly posited a link between surface waters and H. pylori transmission. Lindkivist et al., (1998) was however of a contrary opinion.
Our study shows a 3.58 times higher risk of H. pylori acquisition amongst study participants who had parent/siblings with history of ulcer/gastritis. In Nigeria, most mothers premasticate food, blow food to cool, taste food with infant spoon before giving to their babies (Anigo et al., 2009; Ogunshe et al., 2013; Samuel, 2013) and this could be one of the strongest route of H. pylori acquisition. Our study was corroborated by Goodman et al., (1996) ; Malaty et al., (2000) ; Salih (2009) , where their report buttressed the key role mothers had in the strong transmission of H. pylori infection.
Furthermore, the study participants that were on Omeprazole were 6.11 times less likely to develop H. pylori infection. An explanation for this could be that first Omeprazole is one of the drugs used for the treatment of H. pylori and second other factors such as nutrition might be involved. A report by Langtry and Wilde, (1998) showed the effective use of Omeprazole as a monotherapy for GORD or NSAID induced gastrointestinal damage.
Similarly, the use of hypertension and diabetes drugs reduced the chances of H. pylori acquisition amongst our study participants. The report by Nagata et al., (2015) corroborated our study, although the study by Migneco et al., (2003) was to the contrary. Another study suggested treating patients with Type 2 Diabetes Mellitus (T2DM) with H. pylori drugs as targets of intervention in high-risk communities (He et al., 2014) . Surprisingly, our study showed that participants who were currently on antibiotics were five times more likely to develop H. pylori infection. One reason that could account for this is the indiscriminate use of antibiotics in Nigeria (Harrison et al., 2017) . In Nigeria across -the-counter purchase of drugs are a common phenomenon and this is in addition to the fact that the dosages are usually not completed resulting in treatment failure due to drug resistances.
We can therefore conclude from our study that risk factors associated with H. pylori acquisition in Nigeria are overcrowding, parents/siblings with history of gastritis/ulcer and antibiotic usage. Sources of drinking water, education attainment, occupation, smoking/drinking habits were not significantly associated with H. pylori acquisition. It is therefore pertinent to monitor the antibiotic usage in the populace as well as conduct educational and enlightenment programs to educate people about the risk of overcrowding as well as behavioural practices such as blowing of food to cool and pre-mastication of foods from mothers to babies in order to further reduce the risk of H. pylori infection in Nigeria.
